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A. BACKGROUND 

The trend in small arms development has been away from 
cumbersome, large caliber, slow firing weapons to light- 
Meweno, small caliber, rapid firing weapons. Sir Basil 
Liddell Hart [18] stresses the roles played by deception 
and mobility in all warfare, both ancient and modern. The 
G@ecisive roles played by deception and mobility have made 
target detection (location) an extremely important variable 
to consider when evaluating and hence selecting a small 
arms weapon system. 

Mmpembome@eces vie intlucnce of target location error 
upon several common measures of effectiveness (MOE's) used 
in smail arms weapon system evaluation is examined. The 
adequacy of the diffuse target avproximation [7] is also 
S=ewenea DY Comparison with tabulated results for salvo- 
firing of N-rounds of small arms ammunition against a 


Senlare Larget. 


Peeve totnes OF EFFECTIVENESS (MOE) 

In view of the large number of small arms weapon systems 
available to the armed services today, an acceptable and 
practical set of criteria for comparing the overall combat 
effectiveness of these various systems is of great importance. 
The following measures were approached in this thesis: (1) 


Divepm@Obabiiity, (2) lethality, (3) kill probability, and 





(4) rate of fire. These measures were selected because of 
their wide usage and ease of representation by analytical 
models. References 3 and 13 are recommended to those 
interested in additional measures sometimes used. These 
references also contain a short discussion of the problems 
encountered when trying to decide which measures are 


Mmnperoant . 


Cree URPOSE 
The purpose of this thesis is to develop a means of 
wae euively using tne measures listed earlier when comparing 


various small arms weapon systems. 


WeeeArPROACH 

Miemaeptoden taken in this thesis 1S to incorporate 
wero OCatPom Crror into the various analytical expressions 
Pet with the measures listed earlier. The effects of loca- 
fermen Crror Upon these measures is then examaned to cbtain 
meaningful answers to the following questions: 

ine Woem 1S iC desirable to sacrifice accuracy for an 
iaemease in the rate of fire? 

e. When is it desirable to use ball ammunition, 
Shotgun ammunition, or grenades? 

3. Which system best incapacitates the target? 

4. Which systems provide the best suppressive fires? 

Target location error was selected to permit examination 
Coes vivabi lity of the individual foot soldier under 


PClhestavic anc dynamic conditions. What type weapon system 





is most desirable when very little is known about the true 
ieeeeeo' Ss location’ What good is accuracy if a soldier 

doesn't know where to fire his rounds or is so pinned down 
meemene enemy's Superior fire power he doesn't have time to 


Beowea 11x On the target? 


Peas, FOOT SOLDIER SYSTEM 

im_eominoivectetmtoOt SOldier is required to both acquire 
e@emecmipare, with Small arms fire, enemy ground targets. 
Under target acquisition he is responsible for target 
detection (the determination of the existence or presence 
of a target), target identification (the determination of 
the nature and composition of the target), and target loca- 
tion (the determination cf the cocrdinetes of the target). 
Mameolroo wourains the engagement phase he must successfully 
Meweralaze che target. 

IMm—mVilememeomoined processes could be carried out with 
megemerrer., every target would be precisely located and 
then destroyed. This, of course, is not the case as errors 
are present in both processes (see Figure 1, page 9). The 
soldier makes both a target location error and an aiming 
error. There are also errors in the trajectory of the pro- 
Heerilesdue to such vaiapiee aco Datei wear.  cemecralune:, 


humidity, and wind. 


Ee sot oleM ERRORS 
This section is an adaption to small arms fire of errors 


Pemeaaerco OY CoH. Hess {19} for artillery Zire... 





(Xp Vp) 





(X,5¥,) 
Dement Lion Distribution 
target location error £(X, oY; Xp sV yp) 
aiming error £(X,sY¥o3X,0VQ) 
ballistic error £(X,Y_5%, Vp) 
mevhalicy . £(X,5Y75X_5¥p) 


Pigure do system Errors 





Peer eeuwhocataon Error 


Targets to be engaged by small arms fire are usually 
located by the foot soldier on the ground. These targets 
Mmemimorecisely located due to errors in target acquisition 
ana to the fact that the target is usually a fleeting target. 
The target's suspected location (Xp Yp) Lome ust bubed ava on 
respect to the true target location (Xp Vp) according to 
some probability GenSstey Sune olen , £(X, sp sXpsVp)- 

Paeeoanine Error 

peCausecwol CrPrors ah tiring tecnniques and correc— 
Mmmerio tOr Other variables, an aiming error results in a 
separation of the desired aim point (XV Q) and the actual 
aim point (X,9¥,)+ THeeoctualmeadim pole. 1S6dLstribuced 
Meee respect to the desired aim point according to some 
probability density function, P(X qs Xqs%yoVg)> If there is 
Memmeanl aiming error, then the expected aim point coincides 
Mepin Lane expected target locaticn (X,Y, ). 

Pee oe Listic Error 

The impact of N rounds is distributed about the 
mean center of impact according to some probability density 
mudet ion , £(Xn5Y_sXy Vp) > 

4. Lethality 

The amount of damage done to a target by N-rounds 
tome tUCttonnot the tTypentarcer., thesetype ammunition Tired: 
GidatiewdtScamace from tne -center of ampace te the target. 


igewlethaliny funmehaons, USedwin this thesis weres selected 
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based on this knowledge and in all cases were treated as 


known analytic functions. 


ay 





Tl. ONE DIMENSION 


fee LNTRODUCTION 

The problem addressed is that of maximizing the proba- 
bility of hitting and thus killing a sharply defined one 
fememselOnal target. The target was assumed To occupy 2 
Sharply defined portion of a one dimensional coordinate 
System. A round impacting within the target area produces 
meemeeud | eflects of a hit, while a round impacting outside 
Piemvareet has littie or no effect on the target. 

The one dimension model is presented to convey the 
memeta) Leavures, O1 the models used and to provide a solid 
foundation for the more involved and complicated models 


moeag Jater in this thesis. 


B. KNOWN TARGET LOCATION 


Oe } : a es = lee Le eee ES en ee eae x 
iio hemo eecCl in epost laces were ca leu 
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ified LOrettre dellvercad apaingst a4 Stationary target by 
Bootie Unable one GISveriouLciom OL the impact pOLNts was 


known or could be obtained from experimental data. The 


Siecle Svou hig probabitivy,  F is obtained by use of 


Don 
Equation (1) while Equation (2) is used to obtain the single 


ShGun Wie propa li Gy... 


See 
: ( 
P = i Bue Corel i) 
SSH LL Xy 
ae = acs oh Aaah 2) 


we 





For both calculations, <a is the density of the impact 
points while £(x,) is an appropriate lethality function. 
MeewlLethality function was used to account for the lethality 
of the various types of small arms ammunition available. 
if Linpace Point 

Mic Miamamouclon of the impact points from the 
Center of the target is, in many cases, normal and was 
feemmed such for this thesis. The Central Limit Theorem 
Mmemeraes a theoretical basis for this empirical fact, since 


femme iacyvors together cause a soldier to miss the intended 


aim point. The density used was thus 
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where Uy Lome teme Weer eamImioceu POink and + is the measure 
Seer eDersiOn about i-. 
p. luéuhaltrey Functions 
The lethality function, defined as the Prob [kill 
target |round impacts at x} is introduced to provide a means 


et ecaloulating P for all types of small arms ammunition 


Sok Ss 
available, bovh fragmenting and non~-fragmenting. 

For non-fragmenting ammunition the zero-one lethality 
function, denoted by L(x), is used to reflect the fact that 


attests reagniired iAliworder Torobtain @ kills Thus, for ayene 


dimension target of dimension 2L, the lethality function is 


ifs 





em oore, [=Lat | 
£ (x) = 
. 0; otherwise 

Fragmenting ammunition, grenades and the like, does 
mememccessarily need to impact on the target to kill it. 
Peeementing ammunition can kill a fragment sensitive target 
Meme irowlng Shrapnel on the target. The damage done by the 
Mmeeemencation type round depends on the target location and 
miempoinl Of impact of the round. Figure 2, page 15, from 
BRL report 1544 displays, rather vividly, why the negative 
Srpenential function was chosen for this onesie The 


Hemweality function is therefore 


bye 


— st 


> 
f(x) = exp ¢ 


HWMere 2 iS a Shape paremeter derived from a fit to experi- 
Membal Jethality data which has been independently determined 
from fragmentation tests or other techniques and is called 
eiemrethialeradius. —thervariable kK is the distance from 
Micmeonect mol INVACT tO Liew var peu Cenver. 
3. Non-Fragmenting Modan 
Under the abovesassumptions the single shot kill 


probability is determined by evaluation of the integral 


C——} 2 
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P = f & (x) 2 exp acs ax 
SSK — C (2) %5, 


(3) 
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Meenmor tne Zero-one lethality function reduces this 


evaluation to the interval [-L,L} so that 
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pan | etl 
= 1 *) oy 
P = eel) exp Give, Ves) 
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femal ly 
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oe co, 7? oe 
i I 
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u 
T aoe 
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— 00 OA 


mene CUMNULaLL ve Cistribution function for the standardized 
N@imal Gistribution. 
4, Fraementing Model 
NOD Uo ecm ase mamnun1 bon. OLner (than ball 


iment Lone is CONSLdecredsiragmenting ammunition. Thererore, 


foo) 


SSK? 


Poay = a eae Maal ca (6) 
where 

L(x) = prob [kill target|round impacts at x]. 
finercanete snet kiki probability, — 1s. ound ee be 
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2 e 
E ae OF os 
1 eo eee <p i 
SSK Og Cs 
I 
poe Maximizing Pagy 
An examination of the conditions under which Poay 
is maximized leads to an examination of the partial deriva- 
9 Pag oPosK 
tives; v1 and ye bay ley Whe results on this examination 


are twofold: 


ie Pooy is always decreased when the expected impact 
Pore Ts Moved away from the target center, 


oe Pear Cad em Cr eecea Mien 7 wie i. C2 Wen. une 
Cleeve C=iMmpacy Porm. 1S olf the target. “it vis 
not unreasonable to postulate that there is no 
VeuwreiPrecusonwune Expected impact’ point from 
pettimeaohLemsOuUreceo mm Lherelore the condition: thas 
te wom o eee CUeCR DOM LaStTIN ele NeT parecer loca— 
COU Cee ech TOM or DOU, Ics gE eae 
Cal ee fiinprOovedroy Increasing tne disversion of 
POUNadSswaboury the expected impact point when these 


biases are present. 


C. UNKNOWN TARGET LOCATION 

The results of the last section indicate that to effec- 
tively evaluate weapon systems, a model which includes target 
location error is needed. Comparing weapon systems based 
Omemieim periormance aeainsy stationary, cleardy visibie 
targets is somewhat less than satisfactory, for, except in 
Garewitstaneces, Cargets do mot remain motionless andvin 


clear view. 


ys 





ime lLareet Location Error 
iGreen s Ot wble lasg section merely reflect the 
fact that in war, targets are seldom located where they are 
Gaement Co be located. The suspected location is distributed 
basse respect to the true target center according to some 
Prebability distribution. For the one dimension case, the 
(jeweeet location error is assumed to be distributed normal 
with mean Up and variance ae 
aaa Be iaale Ee Weig@ie 
Me™ impaes Cf reunds about the target's suspected 


ijeare7on 1S also assumed to be normally distributed so that 


1 b 
ee) - ae jo, oa 


B (emyo, 


where the ballistic dispersion o, is assumed to be composed 


b 
@umcerminel ballistics dispersion only. The dispersion due 
womrecOLl Was assumed to be Zero. 
a.) Lethalicy. Ssunervilon 
The zero-one lethality function is used for the non- 
fragmenting case while the negative exponential is assumed 
for the fragmenting case. 
4. Analytical Model 
The simelesshecemic ana lll probabilities discussed 
earlier, although important, are not the entire story. The 


Probability of hittine and/or killing a target when more than 


one round is firedis now examined by use of a salvo-fire model. 
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In a salvo-fire model it is assumed that (1) the aim 
point is constant for all N-rounds and (2) the N-rounds are 
fired simultaneously [17]. This model describes numerous 
tactical situations among which are (1) a soldier sequen- 
Mmieotly tiring N identical rounds at the same aim point 
(suspected target location) and (2) a squad of t - men 
firing N/t identical rounds simultaneously at the same aim 
Poin rom approximately the same location. 

a. Non-fragmenting Case 
The basic model and assumptions for salvo- 
firing of N-rounds of non-fragmenting ammunition when all 
metas are sequentially fired at the same aim point are: 
fa) a soldier engages a target at location xp, (2) he aims 


Mfeetifle at xX. where X pF X Hue wo VaAmmee U-TlOCat TOM error, 


L ee 
(3) he fires N-rounds at the suspected target location with 


th 


the i round impacting at x,., and (4) the impact of the 


bal: 


~ 445 eee fl ene feet - oe 4 gu tem of ey ae a ie Pen ed ee . 
PemimeotabOUl vile 1.kCOMallepoint are stevisticeliy 2ncueven— 


dent. Using a rectangular coordinate system (see Fig. 3) 
with the target reference point, Xy > located at O, the 


assumed aim point is X. the expected target location. 


L 


Hae AU Glad ~\ 


Q on Xho xP 9 


Figure 3. 1D Salvo Model 
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MicmpomeebabwithynoGl Hhitesnie the target at least 
Oace with a salvo of N-rounds is calculated in the following 


Manner ; 


STEP 1. Compute the single shot conditional 
Puebabiiitey. Of it tanme the carget 
piven it 18 tnought to be at xP by 


7 0 
P exp dx, (8) 


= f ——_—. 
SSH/X, (21 Yo, 


Peewee  COMmMUCe Came Conditional probabilivy 
Olvidar eving Che Cargey at Least once 
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r4 pe see Esa) 47 sca pal rast = . 4 
Velie yO OL Na=POunGs tou ven. 1 Us 


UMOUrno LO be ay AD by 
(W) é 
Pi SX =o = Cie = Pssu/x, ? (9) 
DUR hem MCOlMP Ue er mee cond Toma Dreceabi lity 


OF NIL UIne theecarecer ev least once 
with a salvo of N-rounds by 


co 


Pa (N) = 1 - Geers 


—_—O 


ae (x, )dx, . Ci@) 


) 
SSH/X, . 


Tne prebanrlatysorrkaVbing the Carget with 4 
salvo of N-rounds is equal to P(N), since the zero-one 


levnality function is used.) The final equation becomes 














Py acted 
L om N 
P(N) =P.(N)=1-S (1- ee dx,) 
- ihe! 
b 
5 
i Ce 
(27) op 


for which no closed form solution has been found. 

b: Fragmenting Case 

The basic model and assumptions for salvo-firing 
Oi N-rounds of fragmenting ammunition when all rounds are 
sequentially fired at the same aim point are identical to 
the four of the non-fragmenting case with the additional 
assumption that (5) cumulative damage is negligible. 

Me vreobabriaty of Milling the target with a 

salvo of N-rounds is determined as follows: 
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itt 2 cOmpuLe bne COnditional probability 
foo vine@meme tareet with a salvo 
Sra —roundaseeiven the target is 
Oh same: at Ay by. 


a N 
PL /X, (N) =] - (1 - PssK/ x, (14) 
Die. SCOMDUGeEURe unconditional probability 
Om wAine nee Larree wlth avsalvo 
of N-rounds by, 
Een = sf fF 
K ion Xp (xy ) PL /x, (N) Chonan Cis) 
ers 
Noh na 
= >. i we 
Pe = 2 () Ga "x9 (X,) (Peay py)” axy. (16) 
A pile 2e a eee aN Scip 


Under the above assumptions this equation reduces to 
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When it is assumed that the location error is 


mmmetric about the true target location, i.e. E(x) ao ee 


= 0, then the above closed form equation reduces to 


oto 


N -a See a 
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ie LWwO DIMENSION 


A. INTRODUCTION 

teen cacaheton Of a Seeond dimension brought the model 
imei closer to reality and provided a method of comparison 
with tabulated data for square targets [7]. Both range and 
deflection error were taken into account by use of bivariate 
sero Gistributions. 
Pa LARGET LOCATION ERROR 

The target location error was assumed to be uncorrelated 


beeveriecve cCarcular normal so that, 
CME) oF Gee 


os 


Sale 72 
= 
f = oe @XD Se 


Ce) 
x a, ee CTO p 


lee 
oe ed ou Ca oeeniO rat 
The ballistic error was also assumed to be uncorrelated 


Deevarl ave sCireular mormal so Unact, 


2 2 
(X px, ) ae Savin? 
, =e rr 
f (x, ,y.) = ——s exp 
sa nS ae 


D. AIMING ERROR 


The aiming error was assumed to be uncorrelated bivariate 


: : : 2 2 ° 
circular normal with mean (Uys Hy) and variance o,"=0, =o 
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meee LETHALITY 


1. Non-Fragmenting 


t; aif round impacts on the target 
a ome y= 
oN O ; otherwise 


where the target is assumed to be of area A. 


OQ. Fragmenting 
2 fs 
= 5 a as 


£m Vp) = exp = 


FF. ANALYTICAL MODEL 


1. Non-Fragmenting Case 
Using the "diffuse" target approximation proposed by 
J. Von Newmann [4], and as discussed in Appendix A, the 
Gememutonal probability of Killing the target with one round, 


ates Pater eles Feline ror: res , fa (v <= ) ee es ee es 4 (Gat Ww )} 4a 
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where the parameter W must be adjusted as discussed in 
Appendix A. 


Pheer Oobetbrigty oO swine tie tarsepryith N-rounds 


when the bh round is aimed at (uy, Vy Jer SvOpLalmedst rom 
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Sclviney tne: intvesral 
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where the origin of the (x,y) coordinate system is the center 
Sreene true target's location. 
For salvo-fire, i.e. all N-rounds are aimed at the 


same aim point, (uy sty) , it follows that 


©O foe] N 
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Spo, 
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thus 


eK Cie + (wy-¥y,)° 
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K-1 we + Oo e + K(o CLG ey 
N pee b x a 
ct Pee N W exp 
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The assumption that the constant aim point, CU sHy) » 
Setleccvred by the soldier is also the expected target location, 


(X, ,Y,),, reduces the above formula to 


PL(N) = 2% 


(23) 


Substituting the adjusted value of the parameter W 
(see Appendix A) into the above formula reduces the formula 


Ee, 


ht,* Loe 
iLe/en + oy + Ko, 46 
b a 


ge cree te 
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(24) 


homee square tarcey cr ysidaes cL. The compuver program usec 
to calculate PLAN) temeN=5,1-0 ~bOtn withoand wibhout. the 
adjustment on the parameter W) is given in Appendix B. 

Pmt teaeOn-rO! ches mevime. Or the diffuse tarcet. approx.) — 
mation was obtained by comparing the computer calculated Py (N) 
values with the exact values for a square target of sides éeL. 


The latter values are tabulated in Reference 7. Figures 4& 


Zi 





ema > Breaphically depict this comparison for N = 5, 10, and 
meaciwusced as per Appendix A. Table 1 is given to reflect 
the improvement of the approximation after adjustment of the 
parameter W. >. kk 1 
Laer, +09 )]°? Oo, (2)° 

ine raeios ————— = and aa used in Figures 

L 

H and 5 were formed in order that a direct comparison could 
Dewmade with the tabulated results of Reference 7. These 


ratios were formed by multiplying through equation (249 a ay 


V3 
ee 7/L)- Ome t at 


. K-1 | 
ce n\ -U/t W/o 
ga 5 eee yy (2) dag*to92) 5 ” 
= 9) pb 
K=1 ane pe b,2 nym + (2 bi ay ae ane 
if iE ie 
2 : (25) 


The presence of the (2)? factor in the multiplier, 
eng)”. was found to be necessary in order to obtain proba- 
Birilicties close 7o those teabulaced in Peference 7 end noted 
by H. J. Helgert in Reference 6. Although there was no 
a priori reason to include the (2) *factor in these ratios, 
Saweuvear ons Wateched1d moc include At in the ratios resulted 
in salvo kill probabilities far below those of Reference 7. 

e- rarmenleme Cage 

The use of the negative exponential lethality 


Piney. om tor frapmentveavion ammunition resulted in the final 


formula 
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FIGURE 5. EXACT vs DIFFUSE (N=10) 
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TABLE I 
SALVO KILL PROBABILITIES FOR N=10 
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_K (u=x,)* cH (uy )° 
2g 


2 es eee 
oN hy a2 al : a ta + K(o,"+0,") 
Py(N) = av E ti a ane 20 ey (25) 
Keli fav + Oo, oy a n K(o,“+0,°) 


where ais the lethal radius of the round. The similarity 
between this final equation and that of the non-fragmenting 
Soe Were expected. The diffuse target approximation used 

a negative exponential function similar to the lethality 
momerurTon wsead inthis casé. The parameter a in this case is a 
memetLon Of both the type ammunition used and the type target 
emeweed, while the parameter wW in the diffuse target 


MeeroximatiOl 1S @ .Unevicn of vhe ercet and not of the type 


anim! b ion fired. 
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Peer LENA. ALMING 


Moemet bring at a target whose true location is unkown, 
but a "guess" can be made as to the suspected target loca- 
tion the question of where to aim arises. For the case when 
two rounds are to be fired and assuming that (1) the origin 
@ieene coordinate system is at the center of the suspected 
target location and (2) that the range error is of greater 
immertance than deflection error, the optimal two aim points 


Peomie , and uw. where p. = -u., as shown by Figure 6. 
Y y V5 





Figure 6 


ime -preovevilttyrot kitting the varget is 


, 
2 Be: 2 = z, 2 
Se 
~ “- +. 
(sw) = pa exp Pa Fn 
W +o + Oo + Oo 
sa a b 
xe) 
2 
7 We exp We+o, © 
o o C a o Os z 
CW +O) pain +04 y+W +O) ] 
where wu = —\ = 
Vy Yo 
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Her the case when three rounds are to be fired the optimal 


aim points are Teo on uy as depicted in Figure 7. 





Figure 7 


Mime rouabilicy of Killing the target is then 
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ee te ae ever 
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Mec Ene wapOevenascUMpuLZOnNS, the case when'W. rounds are 
me be fired at We andW rounds at Hee » where N > 2, was 
Jl 2 
Memepursued due to the problems of integrating the product 


of two sums over a double integral. The equation to be 


solved is 





Ce 
©o oo N K ol a ee ea 
KU ys MW) =) ena : y ( ; “ir - exp W ues) tO, 
wo woo Hoy, =OV/(W to, +0 
a 
(-u,-y, )*+ 
K AwBy Ty) Fay, 
K 2 ae 
exp We aces 
AX 9 AY o (29) 


Hilo Wie woe urVewualeey 2OCaAtLON 1S unknown, an 
SeBpenptving tO Maximize the probability of hitting the targerv 
diemunUs OL SiicCapacivavinesit) whe rounds should be delivered” 
SOmoc UO cOVer DOUlmeNC cUscpecued Target center and the area 
MiMiedtacely  SuUrrOunGI Ne them yarmcet.. This can be accomplished 
at short eer Byeucanewetewade-s)SnOLeUn Or 1 Lechetve  vype 
ammunition, while at longer ranges ball ammunition fired from 


&4 light machine gun or similar rapid fire system would be 


appropriate. 


Bie 





V. CONCLUSIONS 


Wiaem the tareer's tUrue location is known, oe no 
fmmee. 'OCaLiIOn Error, the optimal aim point is one which 
Peete bile expecved ampact point of tne round on the target 


center (see Maximizing P ). Therefore, as is obvious, 


SSK 
a desirable weapon system is one which places a round on 

the target center with a probability near one. A high degree 
Cieaccuracy and a slow rate of fire are two characteristics 
Of such a weapon system. 

However, except in very rare instances, targets do not 
Memos mOLiIonless and an clear view. More often than not, 
the target appears as a fleeting tarcet whose true location 
is unknown. Under these more realistic conditions dispersion 
about the suspected target location is desirable. Depending 
Gumene rance irom the firer to the target this can be 
eccomplished by: 

(a) Spraying the target area een ball ammunition from 
a fairly inaccurate but Papie firing system. 

(b) Firing fragmentation ammunition, whether it be 
shoteun, grenade, or flechette, at the suspected target 


le@cacaon. 
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APPENDIX A 


DIFFUSE TARGET -APPROXIMATION 


MoewObDtain a solution in closed-form for a sharply defined 
Ueetep tne Giltfuse target approximation is employed, i.e. 
menos impacting near the target produce a nearly full effect 
Wemene target, wnile those falling far from the target 
Breeauce a very small effect on the target. This approach was 
originally suggested by J. von Neumann [4]. 

ime necative exponential function is used for this 
wecoximation. Thus, 


ag C 
(X,-X, ) + (y;-Yy) 


eee 





el ree > 
iP, ge 
W 


8 


x = exp 


The negative exponential is usea since (:) the negative 
exponential drops off Sharply outside the target area and 


(2) it greatly simplifies the calculations. 
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Figure A-l shows the original situation while Figure A-e 


paows Che approximation. 


ne 





Figure A-l 





Figure A-2 


The diffuse target approximation of Figure A-2 allows 
Che integration to be Carried out from -—O0 to +00 with a 
Hinimunmyamoume Or probabil Teyetme the Calis, i.e... beyond 
Xp+L and X)-L. To further minimize the discrepancies 
between the original situation and the approximation the 


parameter W must be adjusted. 
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Adjusting W so that the areas of Figure A-1 and A-2 


are equal implies 


(x,-x,)° 


Wo on = AL? 
i o 
2 7 L 
W P27, 
we _ Target Area 
7 Oa 
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dxdy = 4L 





APPENDIX B 


COMPUTER OUTPUT FOR A SALVO OF 5 ROUNDS 


Hiiioeeawle  —COMpares whe results of the diffuse target 
Ememeoximavton for a salvo of N = 5 rounds. 
ihesimputs are ; 


N = NRDS = Number of rounds in the salvo 
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APPENDIX C 


COMPUTER OUTPUT FOR A SALVO OF 10 ROUNDS 


MromucdetewcOlNpares tne resulvs ol the diffuse Target 
approximation for a salvo of 10 rounds with the tabulated 
values of Reference 7. 


mie damputs are: 





N = NRDS = Number of rounds in the salvo 
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